Abstract. Cluster-based structure is not a new research topic but it still challenges the scientists. In wireless sensor network, cluster-based is one of important approaches to achieve effective network performance such as energy saving, throughput maximizing, end-to-end delay and maintenance cost decreasing, etc. In this paper, we propose a clustering scheme which utilizes the geographical information in order to construct the clusters, and is used in underwater wireless sensor networks. First, we use the geographical information and skewness measurement to classify the underwater wireless sensor network into even or skew distributed; Secondly, we construct the clusters using also the geographical information and network type to elect a group of cluster head candidates so that the networks can be maintained for achieving the high performance. Simulation results show that: the proposed clustering scheme can obtain higher throughput with less end-to-end delay as well as decrease energy consumption of the network.
Introduction
Recently, cluster-based network is not a new research topic but it still challenges the scientists, especially in wireless sensor network (WSN). Cluster-based WSN is a structure in which sensor nodes are divided into a number of small group based on some certain rules. Cluster-based scheme is one of the novel approaches in order to reach the goal of effective network performance such as energy saving, throughput increasing, and to apply data aggregation techniques [1, 2, 3] . There are many researches focus on forming and maintaining the clustered networks instead of the networks nodes distribution.
In this paper, we propose a clustering scheme which mainly utilizes the geographical information in order to cluster the underwater wireless sensor networks (UWSN). This clustering scheme starts with the classification of the network. Then, it constructs and maintains the clusters by a group of cluster head candidates in order to minimize the clustering-related maintenance cost. Also, the groups of cluster head candidates are carefully elected according to their attribute such as energy consumption, distance to other nodes, and distance to border. Moreover, all the processes of our proposed clustering scheme focus on using the geographic information in order to measure, classify, and cluster the network. The experiments show that it can reach higher throughput with less end-to-end delay and energy consumption.
The remainder of the paper is structured as follows. Section 2 reviews some related research on network clustering, cluster-head selection methods, cluster communications, and data aggregation in cluster-based networks. Section 3 describes in detail the proposed clustering scheme. Section 4 shows simulation results. Finally, section 5 concludes our paper and highlights the future works.
Related Research
In paper [3] , author randomly deployed clusters based wireless sensor networks by using a virtual grid based mechanism in order to develop an energy efficient data collection environment for a large scale WSNs. The basic idea of the grid based clustering is to divide the whole region into equally sized virtual grids with one cluster head per grid. In this work, the cluster head selection criteria has been set such a way that it reduces the variations of cluster size without expanding an extra energy in the network.
Paper [4] proposed a scheme that relies on grouping the adjacent vehicles into clusters. The clustering considers dividing the network into groups of nodes based on their geographic location and defines a mechanism by which the clusters are connected. There are three kinds of nodes such as cluster head, cluster connector, and ordinary node depends on the connectivity. Each kind of node has different functionality as well as connectivity. Cluster maintenance is based on the position and movement information received from each node.
A Geographical Information based Clustering Scheme
The proposed clustering scheme is composed of two procedures: the Network Classification procedure, and the Clusters Construction and Maintenance procedure. This section explains the two procedures in detail.
Network Division and Classification Procedure
Network Division and Classification procedure first divides the network into four main areas base on center point. Here, the center point is determined by considering the center point among sensor nodes in the network instead of center point of the scenario. Then, we classify the network into even-distributed and skew-distributed by using that center point and skewness measurement. The skewness measurement is used to evaluate sensor nodes distribution of the network. Definition 1: Consider sensor nodes' coordinates that belong to a data set. Son, skewness is a measure of symmetry, or more precisely, the lack of symmetry. The formula for skewness is shown by (1) . Negative values result in skew-distributed networks and positive values result in even-distributed networks.
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Definition 2: Even-distributed means the sensors nodes are evenly distributed in the whole area/scenario.
Definition 3: Skew-distributed means the sensor nodes are only distributed in some specific area of the scenario.
Clusters Construction and Maintenance Procedure
The Clusters Construction procedure consists of four phases: Cluster Head Candidates Selection, Cluster Head Selection, Clusters Formation, and Data Aggregation. For each main area, a group of cluster head candidates (CHC) is carefully chosen by residual energy, distance to others nodes, distance to its belonging area's borders, and node's identification. Cluster head (CH) is selected within CHC. Group of CHC are re-elected after all of CHC finish the one-time-role to be a CH. Clusters formation phase starts right after a cluster head has been decided. The network is clustered and continuously maintained until a new group of CHC is decided. As soon as clusters are formed, a timer is set for the data aggregation phase. A CH collects data until the timer expires. Every CH, which belongs to one group of CHC, has the same timer. Figure 1 explains the Clusters Construction procedure.
Fig. 1. Clusters Construction Procedure

Implementation and Simulation Results
The performance of the proposed clustering scheme was run on Qualnet5 simulator. Dimension of the scenario is 5000 m × 5000 m. The scenario consists of 20 sensor nodes with 10 CBR (Constant Bit Rate) applications, is deployed randomly 200 m below the sea. In order to replicate a shallow underwater environment, channel frequency and propagation speed were set at 35 KHz and 1500 m/s, respectively. The energy consumption parameters were set according to the UWM100 LinkQuest Underwater Acoustic Modem [5] . Transmission power of sensor nodes are set equal 30 dBm, and time for each simulation run was 30 minutes. We compare the network throughput, end-to-end delay, and energy consumption between our proposed clustering scheme and non-clustering network. The results in Figure 2 show that the network throughput is increased about 16% while both energy consumption and end-to-end delay are decreased by 1.5% and 11%, respectively. In this experiment, we have tested our proposed scheme with ordinary data aggregation technique that why see the energy consumption seem not be reduced effectively. 
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Conclusions and Future Works
Our proposed a clustering scheme mainly utilizes the geographical information to classify the network and then constructs the clusters base on the network's type. Besides, it focuses on using the group of cluster head candidates to reduce the network consumption and cluster maintenance cost. The results show that we have reached our assumption goals. In next works, we intend to apply our scheme to different random scenarios as well as apply specific data aggregation techniques to get more efficient performance such as data accuracy, energy consumption, etc.
